Collagen produced by chick neural retina tissue in vitro has the properties of type II collagen. Isolated neural retina tissue from stage 29-32 chick embryos incorporated [14C]glycine and [3H1proline into collagen consisting of al chains and a higher molecular weight species. The peptides produced by cyanogen bromide digestion of the collagen are identical to those from authentic type II collagen from cartilage in charge properties, as determined by carboxymethyl-cellulose chromatography, and size distribution, as determined by sodium dodecyl sulfate-acrylamide gel electrophoresis. Collagen and glycosaminoglycan produced by embryonic tissues are useful markers in development and may be active agents in tissue interactions leading to morphogenesis. In the early developing chick eye, where accumulation of vitreous materials provides the expansive pressure for the development of normal eye geometry (1, 2), the neural retina produces both the collagen (3) and the glycosaminoglycan (Smith and Newsome, in preparation) of the vitreous body.
[14C]glycine and [3H1proline into collagen consisting of al chains and a higher molecular weight species. The peptides produced by cyanogen bromide digestion of the collagen are identical to those from authentic type II collagen from cartilage in charge properties, as determined by carboxymethyl-cellulose chromatography, and size distribution, as determined by sodium dodecyl sulfate-acrylamide gel electrophoresis. Collagen and glycosaminoglycan produced by embryonic tissues are useful markers in development and may be active agents in tissue interactions leading to morphogenesis. In the early developing chick eye, where accumulation of vitreous materials provides the expansive pressure for the development of normal eye geometry (1, 2) , the neural retina produces both the collagen (3) and the glycosaminoglycan (Smith and Newsome, in preparation) of the vitreous body.
Isolated neural retinas from early chick embryo incubated in vitro with appropriate isotopic precursor synthesize collagen (3) and glycosaminoglycan (Smith and Newsome, in preparation) with characteristics similar to those of molecules found in the vitreous body labeled in ovo. The vitreous glycosaminoglycans are almost exclusively chondroitin sulfates, while the collagen is predominantly an (al) 3 NEC-047H), and/or 50 ,gCi/ml of [3H]proline (New England Nuclear; NET-323). The inclusion of ascorbic acid promotes collagen synthesis and secretion, while the lathyrogen fl-aminopropionitrile in the culture medium inhibits the formation of aldehyde-derived crosslinks, rendering types I and II collagen more extractable. After incubation, cultures plus medium were combined with unlabeled carrier collagen for extraction and purification of the collagens. The carrier collagens were either type I from chick skins or type II from chick sternae.
Cultures plus 1-10 mg of carrier were extracted for 48 hr in r/2 = 0.4 phosphate buffer, pH 7.6. Extraction and subsequent purification steps were at 4°. The extracts were centrifuged at 75,000 X g for 1 hr, and the collagen was precipitated by dialysis against 0.01 M Na2HPO4. The collagen precipitate was redissolved in 0.5 M acetic acid and reprecipitated by addition of solid NaCl to a final concentration of 10%.
After centrifugation, the pellets containing the collagens were redissolved in 0.1 M acetic acid and dialyzed against 0.1 M acetic acid before lyophilization and subsequent analysis.
Collagenase Treatment. Some samples were treated with protease-free collagenase (EC 3. I carrier (----). The radioactive profile shows three large peaks, two eluting between carrier peaks CB3 + 6A and CB7, and the third near CB8.
Very little material elutes with the two a2 peptide peaks that appear after a l-CB8. (10) . Cyanogen bromide peptides were analyzed on 12.5% gels. All gels had bisacrylamide/acrylamide ratio of 0.8/30. The gels were prepared as slabs, 14 X 28 X 0.15 cm, topped with a 3% acrylamide stacking gel containing ten 1-cm wide sample wells. The bottoms of the sample wells were approximately 2 cm above the top of the separating gel. Samples contained 10-250 gg of protein in 50,gl of sample buffer. The slab was cooled with running tap water at 22 + 20, and electrophoresis was initiated under constant current conditions at 8 mA. After the samples had stacked and entered the separation gel, the current was raised to 16 mA and electrophoresis was continued overnight, until the bromphenol blue tracking dye had progressed 20-22 cm into the gel. The slab was then fixed for 4 hr in 30% methanol/10% acetic acid, stained in 0.25% Coomassie blue in 50% methanol/10% acetic acid for 1 hr, and destained in several changes of 10% methanol/10% acetic acid (11) .
The radioactively labeled compounds were detected by fluorography (12) . For fluorography, the water was removed from the previously stained and photographed gel by soaking in dimethyl sulfoxide, and the entire gel was infiltrated with 4 volumes of 20% 2,5-diphenyloxazole in dimethyl sulfoxide. It was then returned to water, causing the diphenyloxazole to precipitate within the gel, which was dried against Whatman no. 3 filter paper under reduced pressure. RP-Royal X-omat x-ray film presensitized by exposure to a flash of low intensity light (13) was pressed firmly against the gel and exposed at -70°for the time necessary to produce an image. Samples containing 50,000 dpm of 3H, or 20,000 dpm of 14C were processed within 48 hr, but samples with 800 dpm of 14C or 20,000 dpm of 3H could also be detected by exposures of 1 or 2 weeks. The fluorographic image of the labeled collagen and the stained carrier bands in the dried gel were compared directly to ascertain the positions of labeled materials relative to known proteins. RESULTS Chain composition of extracted collagen Fluorographic analysis of NaDodSO4-polyacrylamide gels of denatured and reduced labeled collagen of embryonic neural retina revealed two bands of radioactivity, one of which comigrated with the al chains of the carrier collagen and a slower band not represented in the carrier (Fig. 1) CM-cellulose chromatography of cyanogen bromide peptides Fig. 2 shows the absorbance profile of the cyanogen bromide k., I it im peptides of type I carrier from chick skin and the radioactive profile obtained from the neural retina collagen.
The radioactive profile for neural retina collagen has three major peaks, the first two eluting between the carrier peaks al (I)CB3 + 6a and al(I)CB7, and the third eluting near al(I)CB8 (Fig. 2) . Note that no labeled material elutes in the region of the a2 peptides, which are the last two carrier peaks. Thus, the labeled peptides do not correspond to aI (I) peptides, demonstrating that this material is neither type I collagen nor the al trimer [al(I)]3. Positive identification, by charge distribution, of this collagen with type II (the cartilage type) was made by comparison of the profiles of cyanogen bromide peptides of the labeled neural retina collagen cochromatographed on CM-cellulose with those of cartilage collagen (Fig. 3) . Size distribution of the cyanogen bromide peptides Further evidence for the identity of the newly synthesized collagen was obtained from the size distribution of radioactive cyanogen bromide peptides visualized by polyacrylamide gel electrophoresis and fluorography. The band pattern produced by the cyanogen bromide peptides of either type I or type II collagen is unique and distinctive. The distribution of cyanogen bromide peptides of neural retina collagen revealed by fluorography was nearly identical to the pattern from type II collagen (Fig. 4) Whether this molecule differs in more subtle ways in terms of terminal peptide sequences or post-translational changes from the collagen found in cartilage is not apparent from these data. We do not as yet know whether the higher molecular weight form of a chain seen in the neural retina cultures reflects another form of molecule, but the absence of any cyanogen bromide peptide not found in type II collagen suggests that the larger chains are incompletely processed procollagen. We are testing, by limited pepsin digestion, this possibility. This higher molecular weight material is not unique to neural retinas; we find similar chains in both type I and type II collagens made by corneal epithelium in culture (14) . We noted slight differences in migration on NaDodSO4 gels of cyanogen bromide peptides from cartilage collagen and the collagen produced by the neural retina. These might simply reflect amount of carrier collagen included in the samples, but alternatively could indicate minor differences in size or in NaDodSO4 binding by the neural retina collagen.
Production of type II collagen is associated with cartilage and with tissues involved in embryonic induction of cartilage. It is characteristic of adult (15) and embryonic cartilages (16, 17) , but is also synthesized by embryonic chick notochord (18, 19) and found in the notochord of the adult sturgeon (20) and in the adult mammalian notochordal derivative, the nucleus pulposus (21, 22) . The type II collagen produced by the neural retina, in contrast, is probably deposited in the vitreous body as suggested by Newsome et al. (3) . Confirmation that chick vitreous collagen is type II will require further analysis, but bovine vitreous collagen has many type II characteristics and is clearly related to cartilage collagen (23, 24) . (14) suggest that the production of type II collagen is more unbiquitous than previously suspected. Thus, in the embryo at least, type II collagen must have additional functions not related to cartilage.
